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(54) Foam buttress for stapling apparatus 

(57) An apparatus for achieving hemostasis and 
pneumostasis along a staple line by utilizing a compliant 



bioabsorbable foam buttress which may be attached to 
one jaw of a surgical stapling apparatus by a biocom- 
patible releasable adhesive. 
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Description 

Field of the Invention 



[0001] This invention relates to an apparatus for ap- 
proximating tissue, more specifically it relates to a sta- 
pling apparatus that applies a biocompatible surgical 
foam buttress to body tissue. 

Background of the Invention 



[0002] During surgical procedures it is necessary to 
approximate tissue organ with surgical staples Sur- 
geons often use linear cutter stapling devices to suture 
body organs and tissues such as lung, esophagus, 
stomach, duodenum and other body organs. Such de- 
vices apply a plurality of laterally spaced rows of staples 
on opposite sides of a tissue cut. 
[0003] Examples of such surgical staplers are dis- 
closed in U.S. Pat . Nos. 4,633,861 and 4,892,244, the 
disclosures of which are incorporated herein by refer- 
ence. The surgical stapler includes a pair of cooperating 
elongated jaw members. One of the jaws members in- 
cludes a staple cartridge with at least two laterally 
spaced rows of staples and the other jaw member in- 
cludes an anvil with staple closing depressions in align- 
ment with the rows of staples in the cartridge. A pusher 
block is directed longitudinally along the jaws to sequen- 
tially eject staples from the cartridges in a manner that 
closes the staples against the anvil to form laterally 
spaced lines of staples through tissues that is gripped 
between the jaws. A knife is associated with the pusher 
block so as to move forward along the jaws to cut the 
tissue along the line between the previously formed sta- 
ple rows. 

[0004] When operating on tissue it is desirable to 
close open blood vessels (hemostasis) along the cut 
me. And in procedures that involve approximating lung 
issue it is necessary to seal the lung to avoid air leakage 
(pneumostasis). U.S. Pat. No. 5,263,629 discloses a 
method and apparatus for achieving hemostsis along a 
staple line by utilizing a pledget material positioned ad- 
jacent to at least one surface of the tissue. The line of 
staples is formed so as to extend through the tissue and 
the absorbable pledget material. The pledget material 
is selected so as to substantially uniformly distribute 
pressure along the staple line and thereby cause sub- 
stantial hemostasis along the tissue cut. Preferred ma- 
terials for these pledgets are sterile absorbable tightly 
woven fabrics. The pledgets may be secured to the sta- 
pler by spaced apart ultrasonic welds or spaced apart 
adhesive bonds. 

[0005] The present invention provides an improved 
surgical stapling apparatus wherein the pledget material 
or buttress is an soft, compliant, bioabsorbable foam 
material that is easy to cut and provides better sealing 
for hemostasis and pneumostasis which maybe releas- 
ably attached to the stapler by a low melting or liquid 



10 



15 



20 



25 



30 



35 



40 



45 



50 



bioabsorbable polymer. 

Brief Description of the Drawing s 

[0006] 

FIG. 1 is an exploded view in perspective of a sur- 
gical stapler device incorporating the biocompatible 
foam attached with a low-melting or liquid polymer; 

FIG. 2 is a side elevational view of the stapler device 
shown in FIG. 1 with its jaws in a clamping position; 

FIG. 3 is a perspective view of a staple cartridge 
that includes a foam material in accordance with the 
invention; 

FIG. 4 is a sectional view taken through the jaws of 
the surgical stapler showing a staple being formed 
through adjacent tissue sections and foam material 
positioned adjacent to the outer surface of each of 
the tissue sections; 

FIG. 5 is a longitudinal sectional view showing ad- 
jacent tissue sections joined together by staples 
and foam material in accordance with the invention; 

FIG. 6 is a transverse sectional view showing adja- 
cent organ segments joined together by staples and 
foam material in accordance with the invention; 

FIG. 7 is a perspective view of an anvil tip that in- 
cludes a foam material in accordance with the in- 
vention; 

FIG. 8 is a top plan view of the anvil tip shown in 
FIG. 7; 

FIG. 9 is a side elevational view of the anvil tiD 
shown in FIG 7; 

FIG. 10 is a bottom plan view of the anvil tip shown 
m FIG. 7; and 

FIG. 11 is an end view of the anvil tip taken alonq 
line 11-11 in FIG. 9. 

FIG. 12 is a perspective view of an alternative em- 
bodiment of the present invention in which the up- 
per and optionally the lower jaws have contoured 
surfaces that are engaged by the foam material 



Detailed De scription of the Invention 



« [0007] Referring to FIG. 1, there is shown a typical 
surgical stapler 10 generally of the type disclosed in U 
S. Pat. Nos. 4,633,861 and 4,892,244, the disclosure of 
which patents are incorporated herein by reference for 
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a more complete discussion of certain structure details 
of the device. Surgical stapler 10 includes an upper jaw 
20, a firing means 30, a lower jaw 40 and a staple car- 
tridge 50 that is received within the lower jaw 40. 
[0008] The firing means 30 includes a pusher block 5 
and firing wedge assembly 32 and a knife 34 located 
therebetween. The firing wedges are directed through 
longitudinal slots located in staple cartridge 50. Car- 
tridge 50 is releasably received within a lower jaw chan- 
nel 44. A firing knob 42 activates the firing means 30 to 
move the firing wedges 32 through the staple cartridge 
50. As the firing wedges 32 pass longitudinally through 
the cartridge they contact staple drivers (not shown), 
which in turn eject the staples 51 through openings 53 
in the staple cartridge 50. 

[0009] Upper jaw 20 is pivotally connected to lower 
jaw 40 through a latch pin 35 that is received in a slot 
36 associated with a latch member 38 to latch the jaw 
members together at an intermediate position along the 
length thereof. Movement of latch member 38 between 
its latched position, as shown in FIG. 2, and its unlatched 
position, as shown in FIG. 1 , causes the jaws 20 and 40 
to move toward and away from each other. 
[0010] Referring to FIGS. 1 and 3 there is shown a 
preferred embodiment of a disposable staple cartridge 
50 containing a plurality of surgical staples 51, of the 
type generally disclosed in U.S. Pat. Nos. 4,633,861 and 
4,982,244. Cartridge 50 is preferably provided with two 
pairs of spaced apart parallel lines of staples. 
[0011] Cartridge 50 includes a strip of compliant bio- 
absorbable foam material 52 releasably attached there- 
to (by a low melting or liquid bioabsorbable polymer 54) 
in covering relationship with an upper surface 57 having 
openings 53 through which the staples are ejected in 
accordance with a preferred embodiment of the inven- 
tion, the strip of foam is secured to the longitudinal edg- 
es of the staple cartridge of staple cartridge 50 by a con- 
tinuous coating or a plurality of spaced apart releasable 
bonds provided by the low melting or liquid bioabsorb- 
able polymer 54. 

[0012] Referring to FIGS. 1 and 7-10, the front portion 
of upper jaw 20 includes an anvil section 60 that includes 
longitudinal rows of uniformly spaced staple-forming 
pockets 63. A disposable anvil tip 62 is releasably 
mounted at the front end of anvil section 60 and is re- 
ceived rearwardly there onto. Anvil tip 62 includes a 
leading tapered portion 64 to facilitate the insertion of 
the jaw member into hollow, tubular body organs or 
small openings in tissue sections. Anvil tip 62 includes 
a pair of spaced apart elongated inner side walls 66 that 
extend into anvil section 60 and a pair of spaced apart 
elongated outer side walls 68 that extend alongside an- 
vil section 60. A foam material strip 52 may be releasa- 
bly secured (adhesively or mechanically) to anvil tip 62 
by a variety of means that permit the foam material strip 
to remain behind with the staples after the stapler has 
been removed from the staple site. In accordance with 
preferred embodiments of the invention, the strip of 



foam material is secured to the bottom surface of the 
side walls 68 by a continuous coating or a plurality of 
spaced apart releasable bonds formed by a releasable 
adhesive such as a low melting or liquid bioabsorbable 
polymer 54. 

[0013] Alternatively, as illustrated in FIG. 12 the foam 
material 52, 52a may have features 1 24, 1 24a to engage 
the contoured surface of the anvil surface 164 or the 
contoured surface of cartridge 157. 
[0014] In a further embodiment of the present inven- 
tion, the foam material may be provided in a sleeve that 
fits over the jaws 20 and 40 of the stapler. Suitable de- 
signs for sleeves are described in U.S. Patents Nos. 
5,503,638; 5,702,409; and 5,766,188, which are hereby 
incorporated herein by reference. It is only necessary 
that the foam material be used on the portion of the 
sleeve that will remain in the patient for hemostasis or 
pneumostasis; the other portions of the sleeve may be 
made from other suitable materials. 
[0015] In accordance with preferred embodiments of 
the invention, foam material strips 52 are preferably 
made from a compliant bioabsorbable foam material. 
The foam material uniformly distributes pressure along 
the staple line to cause substantial hemostasis or pneu- 
mostasis along the tissue cut. The foam material also 
provides a medium for the staples to hold on to in the 
case of thin or diseased tissue. The material also ab- 
sorbs impact and reduces trauma. 
[0016] Suitable foam materials for use as a buttress 
material need to be compliant and pliable so that the 
foam may distribute the compressive load and compen- 
sate for variations in tissue thickness, thereby acting as 
an effective gasket for hemostasis and pneumostasis. 
[001 7] Suitable foams for use in the present invention 
are prepared from biocompatible elastomeric polymers, 
preferably this polymer will also be bioabsorbable. Ex- 
amples of suitable bioabsorbable elastomers are de- 
scribed in U.S. Patent No. 5,468,253 hereby incorporat- 
ed by reference. Preferably the bioabsorbable biocom- 
patible elastomers are based on aliphatic polyester, in- 
cluding but not limited to those selected from the group 
consisting of elastomeric copolymers of £-caprolactone 
and glycolide (preferably having a mole ratio of e-capro- 
lactone to glycolide of from about 35:65 to about 65:35, 
more preferably 45:55 to 35:65) elastomeric copolymers 
of e-caprolactone and lactide, including L-lactide, D-lac- 
tide blends thereof or lactic acid copolymers (preferably 
having a mole ratio of e-caprolactone to lactide of from 
about 35:65 to about 65:35 and more preferably 45:55 
to 30:70 or from about 95:5 to about 85:1 5) elastomeric 
copolymers of p-dioxanone (1,4-dioxan-2-one) and lac- 
tide including L-lactide, D-lactide and lactic acid (pref- 
erably having a mole ratio of p-dioxanone to lactide of 
from about 40:60 to about 60:40) elastomeric copoly- 
mers of e-caprolactone and p-dioxanone (preferably 
having a mole ratio of e-caprolactone to p-dioxanone of 
from about 30:70 to about 70:30) elastomeric copoly- 
mers of p-dioxanone and trimethylene carbonate (pref- 
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erably having a mole ratio of p-dioxanone to trimethyl- 
ene carbonate of from about 30:70 to about 70:30), elas- 
tomeric copolymers of trimethylene carbonate and gly- 
colide (preferably having a mole ratio of trimethylene 
carbonate to glycolide of from about 30:70 to about 70: 
30), elastomeric copolymer of trimethylene carbonate 
and lactide including L-lactide, D-lactide, blends thereof 
or lactic acid copolymers (preferably having a mole ratio 
of trimethylene carbonate to lactide of from about 30:70 
to about 70:30) and blends thereof. These elastomeric 
polymers will have an inherent viscosity of from about 
1 .2 dL/g to about 4 dL7g, preferably an inherent viscosity 
of from about 1 .2 dL/g to about 2 dl_/g and most prefer- 
ably an inherent viscosity of from about 1 .4 dL/g to about 
2 dL/g as determined at 25°C in a 0.1 gram per deciliter 
(g/dL) solution of polymer in hexafluoroisopropanol 
(HFIP). 

[0018] Preferably, the elastomers will exhibit a high 
percent elongation and a low modulus, while possess- 
ing good tensile strength and good recovery character- 
istics. In the preferred embodiments of this invention, 
the elastomer from which the foams are formed will ex- 
hibit a percent elongation greater than about 200 pref- 
erably greater than about 500. It will also exhibit a mod- 
ulus (Young's Modulus) of less than about 80,000 psi, 
preferably less than about 40,000 psi. There properties,' 
which measure the degree of elasticity of the bioabsorb- 
able elastomer, are achieved while maintaining a tensile 
strength greater than about 500 psi, preferably greater 
than about 1 ,000 psi, and a tear strength of greater than 
about 50 lbs/inch, preferably greater than about 80 lbs/ 
inch. 

[001 9] These elastomer polymers may be foamed by 
lyophilization, supercritical solvent foaming (i.e., as de- 
scribed in EP 464,163 B1), gas injection extrusion, gas 
injection molding or casting with an extractable material 
(i.e., salts, sugar or any other means known to those 
skilled in the art). Currently it is preferred to prepare bi- 
oabsorbable, biocompatible elastomers by lyophiliza- 
tion. One suitable method for lyophilizing elastomeric 
polymers to form foams is described in Example 2. Phar- 
maceutical^ active compounds may be incorporated in- 
to the foam material to further treat the patient including 
are but not limited to antibiotics, antifungal agents, he- 
mostatic agents, antiinflammatory agents, growth fac- 
tors and the like. 

[0020] Suitable bioabsorbable releasable adhesives, 
include aliphatic ester homopolymers and copolymers 
made from polymers of the formula: 

[-0-R 11 -C(0)-] Y , 

wherein R 11 is selected from the group consisting of- 
CR12H-, -(CH 2 ) 3 -0-, -CH 2 -CH 2 -0-CH 2 -, CR12 H -CH 2 , 
-(CH 2 ) 4 -,-(CH 2 ) 2 -0- and - (CH 2 ) 2 -C(0)-CH 2 -; R12 is hy- 
drogen or methyl; z is an integer in the range of from 1 
to 7; and y is an integer in the range of from about 1 0 to 



about 20,000; blends of a viscous PEG liquid and a low 
melting solid PEG (solid at room temperature that melts 
at less than about 60°C); biocompatible monosaccha- 
rides, disaccharides and polysaccharides (such as pec- 
5 tin) that may be mixed with a plasticizer (such as glyc- 
erine) to form a tacky adhesive and biocompatible pro- 
teins (such as gelatin) that may mixed with a plasticizer 
(such as glycerine) to form a tacky adhesive. 
[0021] Many nontoxic bioabsorbable aliphatic ester 
w polymers that are semi-crystalline solids or tacky liquids 
at room temperature may be used as a releasable ad- 
hesive. The releasable adhesive of this invention are 
generally characterized as being flowable at body tem- 
perature (37°C) and preferably will flow at room temper- 
's atures (25°C). Most preferably these liquids will have a 
low yield point to avoid migration of the polymer. Exam- 
ples of suitable tacky liquid copolymers are contained 
in U.S. Patent Application Serial No. 08/746,180, filed 
November 6, 1996 hereby incorporated by reference. 
^0 Additionally, tacky microdispersions may also be used 
such as those described in U.S. Patent No. 5,599,852, 
hereby incorporated by reference. In particular liquid co- 
polymers composed of in the range of from about 65 
mole percent to about 35 mole percent of e-caprolac- 
?5 tone, trimethylene carbonate, ether lactone (which for 
the purpose of this invention is defined to be 1,4-di- 
oxepan-2-one and 1 ,5-dioxepan-2-one) repeating units 
or combinations thereof with the remainder of the poly- 
mer being a plurality of second lactone repeating units 
are preferred. The second lactone repeating units will 
be selected from the group consisting of glycolic acid 
repeating units, lactic acid repeating units, 1,4-diox- 
anone repeating units, 6,6-dialkyl-1,4-dioxepan-2-one, 
combinations thereof and blends thereof, 
s [0022] Additionally, e-caprolactone, trimethylene car- 
bonate, or an ether lactone may be copolymerized to 
provide a liquid copolymer. Preferred polymers for use 
as particulate solids are bioabsorbable polymers includ- 
ing homopolymers of poly (e-caprolactone), poly(p-diox- 
o anone), or poly(trimethylene carbonate), copolymers of 
e-caprolactone and trimethylene carbonate, copolymers 
of e-caprolactone and a plurality of second lactone re- 
peating units. The second lactone repeating units may 
be selected from the group consisting of glycolic acid 
5 repeating units, lactic acid repeating units, 1,4-diox- 
anone repeating units, 1 ,4-dioxepan-2-one repeating 
units, 1 ,5-dioxepan-2-one repeating units and combina- 
tions thereof. The copolymers of e-caprolactone will 
preferably be composed of from 99 mole percent to 70 
> mole percent e-caprolactone with the remainder of the 
polymer being a plurality of second lactone repeating 
units. The polymers may be linear, branched, or star 
branched; block copolymers orterpolymers; segmented 
block copolymers or terpolymers. These polymers will 
• also be purified to substantially remove unreacted mon- 
omers that may cause an inflammatory reaction in tis- 
sue. 

[0023] Preferred liquid copolymers for use as the re- 
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leasable adhesive are composed of in the range of from 
about 65 mole percent to about 35 mole percent e- 
caprolactone or an ether lactone repeating unit with the 
remainder of the copolymer being trimethylene carbon- 
ate repeating units. Examples of suitable terpolymers 5 
are terpolymers selected from the group consisting of 
poly(glycolide-co-e-caprolactone-co-p-dioxanone) and 
poly(lactide-co-e-caprolactone-co-p-dioxanone) where- 
in the mole percent of e-caprolactone repeating units is 
from about 35 to about 65 mole percent. 
[0024] Preferred are terpolymers having in the range 
of from 40 to 60 mole percent of e-caprolactone repeat- 
ing units. Examples of liquid copolymer for use as the 
releasable adhesive may be selected from the group 
consisting of poly(e-caprolactone-co-trimethylene car- 
bonate), poly(lactide-co-trimethylene carbonate), poly 
(e-caprolactone-co-p-dioxanone), poly(trimethylene 
carbonate-co-p-dioxanone), poly(e-caprolactone-co- 
lactide), poly(lactide-co-1,5-dioxepan-2-one), and poly 
(1 ,5-dioxepan-2-one-co-p-dioxanone), poly(lactide-co- 
1 ,4-dioxepan-2-one), and poly(1,4-dioxepan-2-one-co- 
p-dioxanone). The mole percent of e-caprolactone, tri- 
methylene carbonate or ether lactone repeating units in 
these polymers should be in the range of from about 35 
to about 65 mole percent and preferably in the range of 
from 40 to 60 mole percent. Most preferably these liquid 
polymers will be statistically random copolymers. These 
polymers will also be purified to substantially remove un- 
reacted monomers that may cause an inflammatory re- 
action in tissue. 

[0025] The polymers used as the releasable adhesive 
should have an inherent viscosity as determined in a 0.1 
g/dL solution of hexafluoroisopropanol (HFIP) at 25°C 
ranging from about 0.1 dL/g to about 0.8 dL/g, preferably 
from about 0.1 dL/g to about 0.6 dL/g, and most prefer- 
ably from 0.15 dL/g to 0.25 dL/g for liquid polymers. 
[0026] Additionally, blends of liquid and solid polyeth- 
ylene glycols (PEG) may be used as releasable adhe- 
sives. The liquid PEG may have a molecular weight from 
about 200 to about 600. The solid PEG may have a mo- 
lecular weight from about 3400 to about 10,000. Gener- 
ally it is theorized, but in no way limits the scope of this 
invention, that the low molecular weight liquid PEG plas- 
ticizes the solid PEG to render the solid PEG tacky. Con- 
sequently the majority of the composition should be the 
solid PEG and preferably between about 50 and about 
80 percent by weight of the composition will be solid 
PEG. For example, a liquid polyethylene glycol with mo- 
lecular weight of 400 (PEG 400) may be blended with a 
solid polyethylene glycol with a molecular weight of 
about 2,000 (PEG 2000). The ratio of PEG 400 to PEG 
2000 may vary from about 40:60 to about 30:70. These 
blends may be formed by mixing the liquid PEG and the 
solid PEG with constant stirring in a heated water bath 
until the solid melts and a clear liquid solution is formed. 
After these solutions are allowed to cool and the result- 
ing mixture may be tested for tackiness and used if the 
desired tackiness is obtained used in the present inven- 



tion. 

[0027] Alternatively biocomptaible monosaccharides, 
disaccharides, polysaccharides or proteins can be used 
with a biocompatible plasticizer such as glycerine to 
form tacky films in the presence of water. These mate- 
rials may be applied to the surface of the buttress ma- 
terial and activated by applying water before contacting 
with the staple applier. 

[0028] The amount of releasable adhesive that will be 
applied depends on a variety of factors such as the re- 
leasable adhesive used the desired degree of resist- 
ance desired for the foam to release and the geometry 
of its application. Those skilled in the art will readily be 
able to determine the appropriate amount of releasable 
adhesive to apply to achieve the desired release profile. 
[0029] Additionally, it may be desired for porous 
foams to be subsequently processed to avoid wicking 
of the adhesive into the interior of the foam. To prevent 
or minimize the wicking of the releasable adhesive into 
the porous foam it is desirable to use seal the surface 
of the porous foam. There are many methods that can 
be employed to seal the surface. For example top coat- 
ing the foam with a low melting biocompatible material 
before applying the releasable adhesive. Alternatively 
the porous foam could be top coated with a film layer. 
Further the porous foam could be treated with a solvent 
solution to collapse the external layer of pores and form 
a skin. A similar effect could be achieved by applying a 
hot surface to the porous foam to substantially reduce 
the porosity of the surface of the foam. 
[0030] The aliphatic poly(ester)s are generally pre- 
pared by a ring opening polymerization of the desired 
proportions of one or more lactone monomers in the 
presence of an organometallic catalyst and an initiator 
at elevated temperatures. The organometallic catalyst 
is preferably a tin-based catalyst, e.g. stannous octoate, 
and is present in the monomer mixture at a molar ratio 
of monomer to catalyst ranging from about 15,000/1 to 
about 80,000/1. The initiator is typically an alkanol (such 
as 1-dodecanol), a polyol (such as 1 ,2-propanediol, 
1,3-propanediol, diethylene glycol, or glycerol, polyeth- 
ylene glycol)s, polypropylene glycol)s and poly(ethyl- 
ene-co-propylene glycol)s), a hydroxyacid, or an amine, 
and is present in the monomer mixture at a molar ratio 
of monomer to initiator ranging from about 100/1 to 
about 5000/I. The polymerization is typically carried out 
at a temperature range from about 80 to about 220°C, 
preferably 160 to 190°C, until the desired molecular 
weight and viscosity are achieved. 
[0031] The method for achieving hemostasis along a 
tissue cut having open blood vessels in accordance with 
the invention will now be discussed along with a discus- 
sion of the operation of stapling device 1 0. The tissue 
or walls of organ sections to be stapled and cut are po- 
sitioned and clamped between upper jaw 20 and lower 
jaw 40 and latch 38 is in its latched position as shown 
in FIG. 2. At least one, and preferably both, the cartridge 
50 and the anvil tip 62 are provided with a strip of foam 
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material 52 as discussed above. For example, as shown 
in FIG. 4, tissue segments 70 and 72 are shown posi- 
tioned and c|amped between jaws 20 and 40. 
[0032] After the tissue segments are clamped be- 
tween the jaw members, stapler 1 0 is fired by advancing 
firing knob 42 to activate the pusher block and knife 
blade assembly 30. The firing wedges 32 advance dis- 
tally through the staple cartridge 50 into engagement 
with staple drivers to sequentially drive staples 51 
through the openings 53 in two pairs of spaced apart 
parallel lines of staples. The staples 51 contact a corre- 
sponding staple forming pocket associated with anvil 
section 60 to form generally a B-shaped configuration 
or a flat configuration staple. Referring to FIG. 4, the 
formed staples extend through the tissue sections 70 
and 72 and the strips of foam material 52. At the same 
time, knife blade 34 is distally advanced through a lon- 
gitudinal slot formed in anvil section 60 and staple car- 
tridge 50 to cut the tissue sections gripped between the 
jaw sections between the two pairs of spaced apart par- 
allel lines of staples. 

[0033] After the firing wedges 32 are fully advanced 
to form all of the staples in cartridge 50, the pusher block 
and knife blade assembly 30 is returned to its start po- 
sition by retraction of firing knob 42. The latch member 
38 may then be moved to its unlatched position, sepa- 
rating jaws 20 and 40, so as to permit the device 10 to 
be undamped and removed from the tissue sections re- 
leasing the foam material strips from the anvil tip 62 and/ 
or cartridge 50. 

[0034] As shown in FIGS. 5 and 6, staples 51 extend 
through the foam material strips 52 and the tissue seg- 
ments 70 and 72 sandwiched therebetween. The foam 
material strips 52 uniformly distribute pressure along the 
line of staples and thereby cause substantial hemosta- 
sis and pneumostasis along the tissue cut and around 
the staple legs. The absorbable nature of the material 
from which the foam strips are made allows the strips to 
be left in the body and eliminates the potential for foreign 
body reactions that might occur if the foams were not 
bioabsorbable. 

[0035] I n accordance with the most preferred embod- 
iment of the invention the foam material is positioned 
adjacent the surfaces of the tissue sections that contact 
both the staple cartridge 50 and the anvil tip 62. How- 
ever, the invention contemplates that the foam material 
may be positioned adjacent only one of such surfaces, 
preferably the surface adjacent the anvil tip 62. Further, 
it is preferred that a pair of parallel lines of staples ex- 
tend through each tissue section adjacent the tissue cut. 
[0036] Although disclosed above in conjunction with 
a particular surgical stapler 1 0 for exemplary purposes, 
it is contemplated that the principles of the present in- 
vention may be similarly utilized in conjunction with oth- 
er types of surgical staplers and cutters. For example, 
a circular stapler of the type disclosed in U.S. Pat. No. 
5, 1 04,025 may be suitably modified to provide foam ma- 
terial on the staple cartridge and the anvil. An endoscop- 



ic linear cutter of the type disclosed in U.S. Patent Ap- 
plication Serial No. 779,436, filed Oct. 18, 1991, now 

abandoned, may be suitably modified to provide foam 

material on the anvil portion and the staple cartridge as- 
5 sembly. 

[0037] The method and apparatus of the inveniion in 
its broadest aspects is not limited to the specific details 
shown and described, and modifications may be made 
to the disclosed; preferred embodiments of the invention 
10 without departing from the principles of the invention. 

Example 1 

Synthesis of 50:50 Poly (e-caprolactone-co-glycolide) 
15 for Foam Buttress Material Adhesive 

[0038] 57.07 grams of e-caprolactone (0.5 mole), 
58.04 grams of glycolide (0.5 mole), 5.68 mL (60 mmole/ 
mole) of diethylene glycol, and 67^L (45K/1 monomer/ 

20 catalyst ratio) of 0.33M stannous octoate solution in tol- 
uene were added to a clean, flame dried, 250 mL single 
neck round bottom flask in the nitrogen glove box. The 
contents of the flask were dried overnight under full vac- 
uum at room temperature. After drying overnight the 

25 flask was fitted with a flame dried stainless steel me- 
chanical stirrer, vacuum dried for an additional 30 min- 
utes, purged with nitrogen gas, and kept under a nitro- 
gen gas blanket during the polymerization. The flask 
was placed in an oil bath. The oil bath temperature was 

30 raised to 80°C and was held at 80°C for 1/2 hour to com- 
pletely dissolve the glycolide. The oil temperature was 
then raised to 190°C and held for 18 hours. The flask 
was removed from the oil bath and allowed to cool to 
room temperature. The copolymer was devolatilized af- 

35 ter replacing the mechanical stirrer with a magnetic stir- 
bar for 16 hours at 80° under full vacuum. The finished 
copolymer was characterized by 1 H NMR and inherent 
viscosity in HFIP (at 25°C and a concentration of 0.1 g/ 
dL). The NMR results were polygylcolide, 47.3%, poly- 

40 caprolactone 52.3% residual glycolide monomer less 
than 0.2%, residual caprolactone monomer less than 
0.2%. The IV was 0.19. 

Example 2 

45 

Lyophilization Process for Making Caprolactone 
Glycolide Foams 

[0039] This example describes a preferred method for 
50 making lyophilized foam from caprolactone-glycolide 
copolymers. 

[0040] Making Solution: An appropriate amount (1 6.5 
gm) of polymer (nominal 40/60 CAP/GLY made in a 
manner similar to the methods described in U.S. Patent 
55 No. 5,468,253) was placed in 1 ,4-dioxane solvent (148 
ml) and stirred at about 50°C for about 5 hours until dis- 
solved (to make a 10 weight percent solution). The so- 
lution was filtered cool through an extra coarse porosity 
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5. The foam of claim 4, which is composed of a copol- 
— ymer of e-caprolactone and glycolide. 

6. The foam of any one of claims 1 to 5, which is an 
5 open cell foam. 

7. The foam of claim 6. wherein the open cell foam has 
at least one surface that has been substantially 
sealed. 

w 

8. The foam of claim 7, wherein the surface of the open 
cell foam that has been sealed has been sealed by 
heating the foam. 

15 9. The foam of claim 7, wherein the surface of the open 
cell foam that has been sealed has been sealed by 
attaching a biocompatible film to said surface. 

1 0. The foam of claim 7, wherein the surface of the open 
20 cell foam that has been sealed has been sealed by 

applying a biocompatible coating to the surface of 
the foam. 

11 . The foam of claim 7, wherein the surface of the open 
25 cell foam that has been sealed has been sealed by 

contacting the surface of the foam with a solvent. 

12. The foam of any one of claims 1 to 5, which is a 
closed cell foam. 

30 

13. The foam of any one of claims 1 to 12, which has a 
releasable biocompatible adhesive on the first side. 



11 

filter (Kimble, Kimax Buchner funnel with Kimflow fritted 
disc; 150 ml capacity, extra coarse porosity - or equiva- 
lent) to remove undissolved polymer. 
[0041] Lyophilization: An appropriate amount of solu- 
tion (31 .0 g for about a 0.030" thick) was placed in a 
specially made flat bottom glass dish (constructed from 
"optically" flat glass bottom and tube) about 8.5" in di- 
ameter. The dish was cleaned with caustic and silanized 
before use. The dish containing the solution was placed 
on the shelf of the precooled lyophilizer maintained at 
20°C. The solution was then allowed to freeze by setting 
the shelf temperature to -5°C. 

[0042] After 30 minutes a vacuum was pulled (in one 
case as long as 1 hour). Two hours of primary drying at 
-5°C under vacuum was needed to remove most of the 
1 ,4-dioxane. At the end of this drying phase, typically 
the vacuum level reaches to about 1 0 mTorr or less. 
Next the second phase of the drying was done in two 
stages under a 1 0mTorr vacuum. First the shelf temper- 
ature was raised to 5°C and held for 1 hour, then the 
temperature was raised to 20°C and held for an addi- 
tional 1 hour. 

[0043] At the end of the second drying phase the 
chamber was taken to room temperature and the vacu- 
um was broken with nitrogen. The foams are removed 
from the dishes and placed in plastic bags and stored 
under nitrogen. 

[0044] The total cycle time for lyophilization was ap- 
proximately 4.5 hours. Foams made by this process 
were determined to have <0.2ppm of residual dioxane 
by headspace analysis. 



Claims 

1 . A compliant biocompatible foam having a first side 
and a second side shaped to fit within the jaws of a 
staple applier. 

2. The foam of claim 1 , which is bioabsorbable. 

3. The foam of claim 1 or claim 2, which is composed 
of an elastomeric aliphatic polyester. 

4. The foam of claim 3, wherein the elastomeric 
aliphatic polyester is a copolymer of e-caprolactone 
and glycolide, a copolymer of e-caprolactone and 
lactide (including L-lactide, D-lactide, blends there- 
of or lactic acid), a copolymer of p-dioxanone and 
lactide (including L-lactide, D-lactide, blends there- 
of or lactic acid), a copolymer of e-caprolactone and 
p-dioxanone, a copolymer of p-dioxanone and tri- 
methylene carbonate, a copolymer of trimethylene 
carbonate and glycolide, a copolymer of trimethyl- 
ene carbonate and lactide (including L-lactide, D- 
lactide, blends thereof or lactic acid) or a blend 
thereof. 



14. The foam of claim 13, wherein the bioabsorbable 
35 releasable adhesive is a copolymer of e-caprolac- 
tone and trimethylene carbonate, a copolymer of e- 
caprolactone and an ether lactone, a copolymer of 
trimethylene carbonate and an ether lactone, a co- 
polymer composed of in the range of from 65 mole 
40 percent to 35 mole percent of e-caprolactone, tri- 
methylene carbonate, ether lactone repeating units 
or combinations thereof with the remainder of the 
polymer being a plurality of second lactone repeat- 
ing units; wherein the second lactone repeating 
45 units are glycolide repeating units, lactide repeating 
units, 1 ,4-dioxanone repeating units, 6,6-dialkyl- 
1 ,4-dioxepan-2-one, or a combination thereof or a 
blend thereof. 

50 15. The foam of claim 13, wherein the bioabsorbable 
releasable adhesive is: a blend of liquid and love 
melting polyethylene glycols; or a protein and a 
plasticizer. 

55 1 6. The foam of any one of claims 1 3 to 1 5, wherein the 
releasable adhesive is a tacky microdispersion. 

17. The foam of any one of claims 1 to 16, which con- 
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tains an effective amount of a pharmaceutical^ ac- 
tive compound. 

18. Apparatus comprising a staple cartridge containing 
a plurality of surgical staples provided in two spaced 
apart lines having an upper surface with an opening 
through which said staples may be ejected, said up- 
per surface having releasably attached thereto a 
foam as defined in any one of claims 1 to 17. 



10 



19. The apparatus of claim 18, wherein the foam is an 
open cell foam having at least one surface that has 
been substantially sealed and wherein said sealed 
surface is in contact with the upper surface of the 
cartridge. 15 

20. The apparatus of claim 1 8 or claim 1 9, wherein said 
foam has on it said releasable adhesive and said 
foam is releasably attached to the upper surface of 
the staple cartridge by said hioabsorhahle releasa- 20 
ble adhesive. 

21 . The apparatus of any one of claims 1 8 to 20, for use 
in hemostasis or pneumostasis of tissue. 

25 
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